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LINE ELE CTROACOUS T I CAL TRANSDUCING 



CROSS-REFERENCE TO RELATED APPLICATIONS 
Not applicable. 

STATEMENT REGARDING FEDERALLY SPONSORED 
RESEARCH OR DEVELOPMENT 

Not applicable. 

The invention relates to line array loudspeaker 
loudspeakers and to portable loudspeakers for performers and 
orators or other events using sound amplification. 

BACKGROUND OF THE INVENTION 

Line array loudspeaker loudspeakers are loudspeakers in 
which the radiating surface is long and narrow and typically a 
straight line, radiating in a direction perpendicular to the 
line. Line speakers are discussed generally at pages 35 
through 36 of Acoustical Engineering, 1991 Edition, by Harry 

F. Olsen. 

One characteristic of line array loudspeakers is that in 
the near field, the sound energy intensity decreases less 
rapidly than with point sources. The sound energy intensity 

of point sources drops off approximately as \, where r is the 

r 

distance from the point source to the listening point. In the 
near field, the sound energy intensity from line array 

loudspeakers drops off less rapidly, theoretically as - . 

r 

Practical implementations of line array loudspeakers are 
frequently individual acoustical drivers arranged in a line. 

It is an important object of the invention to provide an 
improved line array loudspeaker. It is another important 
object of the invention to provide an improved loudspeaker 
system for performers. 
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BRIEF SUMMARY OF THE INVENTION 

in one aspect of the invention a loudspeaker system 

^„ tv>p first array includes 
includes a first loudspeaker array. The first a y 

an enclosure having a width and a height and at least 

acoustic drivers having radiating surfaces, each of the 

T drivers having a diameter less than three inches. 

Tit le -ivers are positioned in the endosure in a 

^substantially straight line • 'JTZ 

^ the edqes of the radiating surfaces are 
spaced so that the edges const ructed 

includes a tirst p rir H vers positioned in 

-a lpaqt six acoustic drivers, 
enclosure, and at least six 

lnanrp in a substantially straight line, 
the enclosure in a ^-H-abie array, 

, ^ oa ^r svstem also includes a second portable array, 
loudspeaker system rOuvai itv of 

including a second portable enclosure and a plurality of 
He drivers positioned in a substantially straight line, 
acoustic drivers, pos . the firBt array to the 

and an attachment system for attaching 

, 9hlo arrav in a manner so as to excena 
second portable array i» 

^TZrZ:^ mention, a loudspeaker = 
^ e includes a portable enclosure having an 

V, f„r attaching the module to a second module. The 
system for attaching acoustic 
loudspeaker array module includes at least s 
divers Each of the drivers has a radiating surface, each of 
drivers having a diameter less than three inches, the a 
Uast six drivers positioned in the 
ubstantially straight line, regularly spaced " 
edges of the radiating surfaces are less than one inch apart^ 
h loudspeaker array module is constructed and arranged 
radiate sound over essentially the full range of the audible 

frequency spectrum. method for 

in another aspect of the invention, a method 
proving the power transduced per unit radiating area of 
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„ arrav includes mounting in a 

line array >?^^^ Y « * *™ 
substantially straxght line P ^ fchree 

inches and each o£ the ar ^ ^ line 

having an edge, and £ o£ ^ acou6t ic 

so that the edges o one inch . 

drivers are separated by n greate ^ ^ . ncluaes 

A loudspeaker system for a 1 plur ality of 

. line array loudspeaker ^""^^ . dlame ter !ess 
acoustic drivers. o£ „ are positioned in 

than three inches. straight line, regularly 

an enclosure in a the lin e array being 

spaced less than one inch ap ar , ^ q£ 

constructed and arrange* to ^ 

the live source of sound, facing ^ loudspea]ter 

In yet another aspeo ^ ^ having a 

system for a ^-^^^ eight range above the floor, 
£10 or and an intended , top a nd a bottom, 

i-^es a line «^ drivers array in a 

comprising a plurality of and tne bottom, 

substantially straight line °™ ctl9 dl c„lar to the 

the top and the bottom defining pla* ^ P ^ ^ ^ 
line . The array is dimens ^ and^ ^ ^ ^ fcy 
lnte nded listening hei - ^ ^ and such that the 
5 the top and the plane rf ^ ^ 

bottom is substantially in the advantages wi u become 

otneI features, descli ption, when read in 

v fmm the following detaiiea u»» * 
apparent from tne dr awing in which: 

connection with the accompanying drawing 

30 BRIEF DESCRIPTION OF 

IM SEVERN VIEWS OF THE — iM 

fM 1 is a cross-sectional and front plan 

35 -°£T~?JZT»- — ot ° ther line arrays 

according to the invention; 
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PIG . 2 c is a cross-sectional view of the line array of 

" G - Til a calculate, plot of sound pressure levei M 
vs "stance for a conventional speaker and for a line array 

^l^a" r^a-atio views iUustrating features 
o£ the—n; ^ ^ ^ ^ signal 

connection of the invention, and inve ntion 
prQ 6 is a cross-sectional view of 

_e n. features of the invention, 
illustrating one of the features 

DETAILED DESCRIPTION 

• „( erence now to the drawing and more particularly 
, there " . loudspeaker system in accordance 

to FIG. 1, there sho r system 10 includes 

with the invention. Line array loudsp eaker 
a Une array loudspeaker modu . Line JT 3 ^ 

j i io Via <? a large number (6 or more; oj. 
module 12 has J. la g waveaengt h of a 5 kHz sound 

diameter or pre£erably an acoustical driver 

wave, -oustical dr-e- . J sur£ace is wlde 

such as a cone driver m w are 
relative to the total width of ^ „ lth 
typically round, hut may he ov J cetr^ 

-7 e r .'a., which may he a straight 

drivers 12 are arrang ^ ^ 

line, when viewed from both the Er 

..■ 1 drivers are closely spaced (that is, wi 
acoustical drivers a ^ olose 

™ h other and Z that the nonradiating portion of the 
to each other, ana sue ^ array 
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une array loudspeaker modu* ° „. The £ront 

" U tr Ilri; u, e^er IduU 12 may he covered with an 

of lxne array v nr mes h (not shown 

acoustically transparent covers of cloth or 

■ «.M fl view) to protect acoustical drivers 14. 

in this view) to p loudspeaker module 12 

In one embodiment, line array acoustic al 
contains twelve 2.5 inch diameter cone typ 
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drivers, commercially available from Bose Corporation of 
Framingham, Massachusetts, mounted approximately 3 inches 
center to center, so that there is a gap of approximately 0.75 
inches between the edges of the radiating cones. Enclosure 13 
is a closed back structure approximately thirty six inches in 
height h, three inches in width w, and four inches in depth d. 
The aspect ratio (the height relative to the width) of the 
module is 12:1. In typical line array systems having a 
plurality of line array modules, the aspect ratio may be 24:1 
or 36:1. The line array module 12 weighs about 19 pounds, so 
that it is easily portable. The line array is flat on the 
bottom, so that it can be placed on the floor, or can be 
easily attached to a stabilizing stand (not shown) . The line 
array is constructed and arranged for an operating range of 
about seven octaves, for example from about 120 Hz to 15kHz. 

The 2.5 inch diameter of each acoustical driver is 
equivalent to the wavelength of a sound wave having a 
frequency of about 5.4 kHz, which is approximately one octave 
below the highest frequency for which the loudspeaker system 
is designed. A line array loudspeaker using smaller diameter 
acoustical drivers maintains a smooth vertical dispersion to 
higher frequencies and a slow drop in sound energy intensity. 
An additional benefit of a line array loudspeaker according to 
the invention is the line array can transduce relatively large 
amounts of electrical energy. In one embodiment, a line array 
according to the invention can transduce seven watts of 
electrical power per square inch of radiating surface to sound 
waves . 

Referring now to FIGS . 2a - 2c, there are shown other 
embodiments of the invention. In this embodiment enclosure 13 
has a slot port 16 coupling the back (not shown) of the 
acoustical drivers 14 with the front of enclosure 13. In FIG. 
2b, acoustical drivers 14 are individually enclosed, and the 
individually enclosed drivers each have a port 16. FIG. 2c 
shows a cross-sectional view taken along line 2c-2c of FIGS. 
2a and 2b. 

5 
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T he sound energy intensity fro, a line array loudspeaker 
according to the invention drops off less rapidly than . 

> „o 3 there is shorn a counted graph of 
Referring now to FIG. , th ^ ^ speaker . 

sound pressure level loud6peaker , and curve 

<*" 30 r T a U e -»y loudspeaker according to the 
" he -o PeLrl were equaled and ad jU sted to 

invention. Tne two r . m) at 2 

. f«m.encv response and same sr" i» 
have the same frequency re y was 

t.«T « inches) from the speaker, 

meters (6 feet 8 inches, re£lec tion is 

calculated at floor height. The e»e ^ ^ ^ £eec 

induded for hoth source. It c ^ ^ 

from the speaker the S ^ ieBs ^ the 

according to the invenUon « «ly ^ the 

s p L at 6 ft. 8 inches. At 60 £ 8 ^ 

.^TthlCe at X- » - mating sound 
portion of the line an t , array 

.i- hfah frequencies, so tnat a 
waves, even at high ireq ront inues to act as a 

Xoudspeaker according to the invent- continue 
Hue array loudspeaker <as opposed to a P ^ 

— ' - u " Un" — er according to the 

drivers are small, a line y especially at 

v, 9a a wider horizontal dispersion, v 
invention has a wider ^ array loudsp eakers . 

higher frequencies, than con ^ ^ 

hp qeen from FIG. * ^ uclL - 

the performer is tanding. M ^ ^ ^ ^ 

fIG . 3 that even the P ^ ^ ^ ^ , 

, speaker, the sound pressure 1 ^ ^ may „ e 

conventional compact speaker, « hamful t o 

over 10 „ dB, which could he uncom fortab . 

t. performer, si* feet » ~ ^ ^ r sy8tem to the 
rl , the distance from , th U «^ ^ ^ 

performer, while 60 to iuu 
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fhA weaker to the farthest point of the 
r 2 , the distance from the speajcer 

audience. _ 4d fchere are s hown 

Referring to FIGS . 4a > sour ce of 

configurations of loudspeaker systems o< >J \^ e ^ r 

v. 9a musical performers. Line array xouu f 

sound, such u , P ^ tac . ng the 

system 10 may be positioned tend to 

audience in the listening area U . Line 

ha ve minimal vertical ^IZX . ni£icantly less 
intensity above the top of the 9 . 

•™ tit " " - "« r » • L -" 

^ variable so that the top 01 a f 
may be variaDie, o „^„*-; n n can be made 

t-n the invention can 

^"Telyt h^as the head of the performer or the 
approximately as high ^ ^ For 

heads of he '. ghts lncluding the head of the 

convenience, the range or a a re £erred to as 

performer and the heads of the audience will be 
the "intended listening height range." 

PIG lb illustrates a situation in which « 
/f . rhat is the floor is not a single horizontal plane 
-raked," that is the ti o£ 
but is rather an inclined plane or ^ 
Rental stepped punas « ™ ^ ^ 

is dimensioned such that the inteno 
Ues between a two planes perpendicular to ^ the 

XoudspeaKer, one of which '"f^^aned by the 

,. n . th P niane of the drawing) is aetinea 
perpendicular to the plane q£ ^.^ 

c Tine array loudspeaker ana tne 

top of the line ar ^ y ouUr t0 tte plane of the 

(encompassing line 15 ana pe y 

drawing) is defined by the bottom of the 

loudspeaker. rj„ lvra Hrm with a raked 

PIG 4c illustrates another configuration Wltft 

which the floor is slanted at a raking angle 9 (if 
floor, m which the £1 ^ q£ fche 

the floor is planar, the raking a g ^ ^ 

5 floor relative to horizontal; the ^ ^ 

multiple horizontal planes or tiers, 

7 
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angle relative to horizontal of a line connecting common 
points, such of the front edge of the tiers) . In FIG. 4c, the 
line source is slanted such that the major axis of the line 
source is perpendicular to the raking angle 6 so that the two 
planes are inclined relative to horizontal. In the 
configuration of FIG. 4c, the line array should be dimensioned 
such that the height h of the line array is somewhat longer 
than the intended listening height range. If the line 
connecting common points is not straight, the angle at which 
the line array is tilted and the height of the line array are 
set such that the intended listening range lies between two 
planes perpendicular to the line array loudspeaker, one of 
which (encompassing line 13 and perpendicular to the plane of 
the drawing) is defined by the top of the line array 
loudspeaker and the second of which (encompassing line 15 and 
perpendicular to the plane of the drawing) is defined by the 
bottom of the line array loudspeaker. In the configuration of 
FIG. 4c, the height h of the line array does not need to be as 
long as in the configuration of FIG. 4b. FIG. 4d, illustrates 
another configuration in which a performing group has two 
performers 22a and 22b, and in which each performer has a line 
array 10a and 10b, respectively, placed nearby (in this case 
behind) . 

The configurations of FIGS. 4a - 4d are especially 
advantageous. In a sound system according to the invention, 
the performer hears substantially the same sound that the 
audience hears. Additionally, since the line array 
loudspeaker can be placed behind the performer, it does not 
block the audience's view of the performer, an advantage that 
is accentuated by the fact that a line array loudspeaker is 
very narrow, and has a large height to width aspect ratio, 
which means that it is less noticeable to the audience. Since 
the sound field is substantially uniform, there is also little 
likelihood of feedback through microphone 26. 

The small size, portability, modularity (described 
below), resistance to feedback through microphones, and low 

8 
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„ to the simple electronics (described below) make line 
cost due to the simple e cu i a rly attractive for 

array s according to the ^ ^ ^ have . Une 

arra y in his or her near arrangement eliminates the need 

hehind ^.P-^^^Xn- for the need for a person 
for expensive mixing circuitry, B0 . ca lled 

t0 adj ust the mixing o**"**^ „ent 
-hack Une" ^ f ^ 0 . acoustic e££ect 

provides a .ore phasing * reaUsU ^ P ^ ^ 

£or the o£ the perform, not from a 

appears to cone from the .„„ reBOt , 

common loudspeaker system that may be 

from one of the performers. re . lst ance to 

The small size, portability, modularity, »" sta 
r and low cost also make line arrays according to the 

feedback, and low ive £or use as portable sound 

systems for use in p P mlctopllon e for an orator, or 

address system with an attached P 

with a source of audio signals to play pre reoor 

and music. aicn be used 

a line array according to the invention can also be 
11116 Y Hnfl rooras houses of worship, performance 
in auditoria, meeting rocs h ° permanen tly attached 

venues and similar spaces in built in, p 

,• n C a line array according to the invention can 
configurations. A line y vert ically, and of 

line oriented verticax±y, 

66 Pla °t length and placement such that the heads of the 
appropriate length^ P ^ ^ 

audience and performers a llM ariay is 

by the top and bottom of h ^ ^ ^ lnve „ tion 

advantageous ecause u ^ ^ 

ca „ be more ed f „ maintena „ce, while 

relatively eas ly ™» ^ im between the line 

being unobtrusive. The audience is 

aira y and the P-former and the rray 
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,n FIG 5 there is shown the electrical 

Referring now to FIG. ed fco 
* <?vstem elements. Signal myu 

circuit of the system amnU fier 19. The acoustical 

acoustical drivers » - „ - P-n el , and 

dri vers are connected o t he a P ^ ^ ^ ^ 

there is no filtering « the sa me sig nal at all 

acoustical drivers receive «- ^ shown 

.regencies. There may be ^"-^ would equa li*e 
ln this v^w, but the eq ^ receive(j 

all acoustical drivers the same s ^ aU 

by all the acoustical drivers will be 
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The circuitry of FIG. 4 
frequencies. The c . and allows a system 

j f rpe from complexity/ «*" 

inexpensive and free £ imp i era ented with relatively 

according to the invention to P inV ention 

nther components. iUC 
£e „ amplifiers and other P loudspeal cer system 10 

£ a=ilitates l-^-^J module s that can he 
by p roviding Hne array lou P^ ^ ^ as 

attached so as to create a ^ M ditionally, 

ais cussed in the discussion of FIG ^ ^ many 

sinC e **"^"*JZ^£ amounts of energy can he 
acoustical drrvers greater t ^ ^ ^ 

deli vered to the module acoustical drlve rs, and 

structure is divided among a number of 

the heat producing «nts are * ^ ^ , £ the 

„-jz~^^n \-n FIG. 6, tneic ± 



Referring to fig », loudsp ealcer . Each of 

invention for " r / J^ loud8 pea*ers 12 has 

the enclosures 13 of the Hne ar y ^ £ . ts 

in the bac* a T-shaped channe^ 3 m ^ ^ ^ ^ ^ , 

FUn9e " 18 la; 1 " maT have indentations, stops or 
thumb screw, Channel ^ ^ slipplng . 

holes to accommodate se ^ 13 , or 

Channel 30 may run the ntire 9 ^ 

my he only near the op and ^ ^ 

nange 30 may then fit loudspe aKer , and may he 

enclosure of another line ar y ^ securely 

35 held in Place by a second ^ sere ^ ^ ^ 
attaching one line array module 

10 
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array module line loudspeaker end to end to create a line 
array loudspeaker two modules in length. Additional Una 

ray moduli loudspeakers may be attached to the end in 
similar way, to create a line array loudspeaker sever 1 

TZ in length m addition to the relatively simple 
modules in length ^ ^ 

mechanical connection, the fact tnat or 
simple electrical connections of FIG. 6, with no filtering or 
shading circuitry enables simple electrical connecti n 
ween the signal source and the modules and between t 
nodules Modularization allows the individual modules to be 
ratable, and assembleable in situ. This property 
m akes a line array loudspeaker according to the invention 
particularly attractive for sound systems for musical 

Perf Tdesired, in applications which retire more bass sound 
energy, the line array loudspeaker may be accompanied by a 
separa e bass unit, to augment the bass sound energy radiated 
'the line array loudspeaker. The separate bass .unit may be 
placed remotely or nearby from the line array ^loudspe aker, and 
ii placed nearby, may be attached to the base of the ne 
array loudspeaker array to assist in stabilize the line 

array loudspeaker. 

It is evident that those skilled in the art may n 
numerous modifications of and departures from the specific 
apparatus and techniques disclosed herein. Consequently, the 
Mention is to be construed a. embracing each and every nov 
feature and novel combination of features present in or 
possessed by the apparatus and techniques disclosed ^herein ^and 
limited only by the spirit and scope of the appended claims. 

What is claimed is: 
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